This paper presents an experimental analysis for comparisons of conventional flat plate solar collectors and collectors integrated with different numbers of baffles. Heat transfer between absorber plate and drying fluid (air) has been one of the major challenges in the design and operations of the indirect solar dryer systems. In this experiment, efficiency of air flat plate solar collector integrated with 2, 3, 4 and 8 baffles was studied and compared with the ordinary collector. The results showed that integrating solar collector with baffles significantly increased the efficiency of the system. It was noted that collector with 2, 3, 4 and 8 baffles had a mean efficiency of 29.2%, 31.3%, 33.1% and 33.7% respectively while with no baffles was 28.9%. The analysis showed that when there were less than four baffles in the collector, heat transfer was dominant over pressure drop and hence high efficiency. However, when the number of baffles exceeded four, the effect associated with an increase in pressure drop highly observed compared to heat transfer coefficient, thus resulted to insignificant increase in efficiency. Therefore, the optimum number of four baffles was commended for the designed model for optimum efficiency.
Introduction
Open sun drying for the preservation of agricultural, food and many other products has been popular in many societies from ancient time [1] . Although the practice is economical, controlling external parameters such as heat input, moisture content, temperature etc. is very challenging [2] . The idea of solar dryer has become the ideal approach to overcome the challenges of open sun drying. The method has become an alternative to the marketing of fresh perishable products which have increased demands from day to day [3] . Solar dryer offers the effective, cheap, and environment-friendly approach of preserving agricultural and food products [4] .
It is known that important quality verdict made by consumers on dried food in the market is its visual appearance and sensory quality, which includes: colour, flavour, taste, texture and aroma [5] . Therefore, the dried food should have the suitable appearance and sensory quality in order to be accepted in the competitive market. The challenges of open sun drying such as contamination by insects and micro-organisms; damage by animals, mould growth, discolouration, and distraction of vitamin and difficulty in setting uniform and standard of end-products have pushed the researcher to develop different scientific methods of solar energy utilization for crop drying [5] [6] [7] [8] . The use of solar dryer systems in agricultural areas to conserve vegetables, fruits, and other crops has shown to be practical in terms of investment cost, hygienic, improved product quality and an environmentally friendly approach [9] .
Indirect Solar Dryer System
Indirect cabinet solar dryer with forced convection flow is one of the best solar drying technologies which can produce high-quality products and eliminate the risk of discolouration and distraction of vitamins [10] [11] . This dryer mode generally comprises of solar collector, drying unit, a fan, and ducting for air circulation [2] . The use of this type of dryer can reduce drying time by three times compared to other types of dryers and reduce the required collector area by 50% [12] . Numerous indirect solar dryers have been designed and constructed; however, their utilization is still limited due to their poor performance [13] . Important criteria for adoption of this type of dryers include short drying time, low investment costs and improved quality of products. In recent years, several indirect solar dryers have been constructed in Tanzania, however, their utilization has been very minimal and some of them are abandoned after a short period of use [14] . Solar air collectors, although they are a very important component of the solar dryer system, have not paid much consideration during dryer design and construction [15] . The effectiveness of flat plate solar collectors is a function of climatic conditions and design parameters such as the thickness of cover material, collector orientation, collector depth, type of absorber materials used and collector geometry [16] [17] [18] . Irrespective of many types of research on solar collectors, factors such as glazing thickness, type of absorbing materials and heat transfer mechanisms have not well been considered during collector construction [19] . Therefore, there is a need to study different materials for solar collector construction as well as heat transfer mechanisms in the collector in order to improve its performance. This study aims to address the challenges of heat transfer in the collector for the purposes of increasing the efficiency of the drying system.
Literature Review
The solar collector is a kind of duct heat exchanger that transfers heat energy from incident solar radiation to the fluid passing through it. It absorbs solar radiation through glazing, converting it to heat energy and transferring it to a working fluid [20] . The collector comprises of absorber plate in a flat rectangular housing, glass cover on the upper surface and the insulation on other sides to limit the thermal losses. The solar energy absorbed by the plate is transferred to the fluid flowing within the collector channel [21] . To have effective thermal efficiencies of a flat plate solar collector, heat has to be efficiently transferred from the absorber plate to the flowing air. Heat transfer coefficient inside the solar collector is an important parameter that affects the efficiency of the collector [22] . Researchers have recommended various modifications to enhance heat transfer rate in solar collector by incorporating different modifications between absorber plate and glass plate [23] .
Influence of Baffles in Heat Transfer
Baffles provide an additional heat transfer surface area and promote air turbulence in the collector. The presence of baffles causes the air flow to separate, reattach and create a reverse flow which increasing the heat washing action. The main concept of integrating collector with baffles is to reduce dead zones and increase heat transfer area. [24] . Figure 1 illustrates airflows patterns in a collector without baffles, it can be observed that there is straight airflow in the aperture of the absorber from the inlet toward outlet which creates many dead zones. This means that there is no enough retention time between air and absorber to allow the effectiveness of heat transfer. On the other hand, Figure 2 shows the formation of a meandering flow of air in the collector with baffles from the inlet to the outlet. In this case, it is clear that the length of air trajectory is more than double that of the length of the collector, thus increasing the heat transfer and effectively reducing dead zones. Important of baffles in solar dryers system was also reported by Pona [25] in his research and recommended the installation of baffles raise the efficiency of the collector by 7% to 12% compared to ordinary collectors (collector without baffles). Similarly, Abene [26] assesses heat transfer in collector by inserting different types of air obstacles disposed of in rows across the plate of collector and reported positive improvement of the performance of the drying unit. Furthermore, [27] experimentally studied the impact of baffle space and baffle length in the performance of solar collector. It was found that increasing baffle length and decreasing baffle space increases the performance of solar collector. However, the reported studies have shown promising output in enhancing collector heat transfer, the optimum baffle space and length has not been reported. It can be seen that baffles reduce air space channel situated between the insulator and the absorber and increase the friction with the contact surfaces all of which increases pressure drop. Consequently, increased pressure drop increases fixed charge and fan power which leads to increased operating cost. Therefore, designing and installation of baffles should be economically feasible for easy adaptation.
Efficiency of Flat Plate Solar Collectors
The thermal efficiency of the flat plate solar collector is the ratio of the energy out of the collector to the total incident solar radiation averaged over the same time interval. Mathematically, the efficiency (η ) of a collector is expressed by
useful energy solar energy available
The outlet energy (useful energy) for a solar thermal collector is the rate of thermal energy leaving the collector, usually described in terms of the rate of energy being added to a heat transfer fluid passing through the receiver or absorber.
The area of the collector on which the solar irradiance falls is called the aperture area of the collector. Therefore, total energy received by the collector (opti-
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cal energy captured) can be described by Equation (3) .
Accordingly, absorptance and transmittance are multiple effects of optical energy capture and therefore, these factors indicate the percentage of the solar rays penetrating the transparent cover of the collector and the percentage being absorbed.
The rate of useful energy of the collector can be expressed by using overall heat loss coefficient and the collector temperature as Equation (5).
Since it is difficult to define the collector average temperature in Equation (5), it is convenient to define a quantity that relates the actual useful energy gain of a collector to the useful gain if the whole collector surface were at the fluid inlet temperature [28] . This quantity is known as "the collector heat removal factor (F R )" and is expressed by Equation (6).
Finally, the equation for the efficiency of flat plate solar collector can be given by "Hottel-Whillier-Bliss equation" [30] .
If it is assumed that τ and α are constants for a given collector and flow rate, then the collector efficiency is a linear function of the three parameters defining the operating condition: Solar irradiance (I), Fluid inlet temperature (T i ) and collector outlet temperature (T o ). Thus, the performance of a Flat-Plate Collector can be approximated by experimentally measuring these three parameters, and the efficiency can be calculated by using summarized Equation (8) [31] .
Methodology
Four similar flat plate solar collector models were constructed by using Pterocarpus timber which functions as the frame of collector and insulator. The The temperatures in the collector were measured by using multichannel XR5-SE data logger connected with PT940 temperature sensors whilst ambient temperatures were measured by CEM DT-172 temperature and humidity data logger. On the other hand, solar intensity and air flow rate were respectively measured by using PCE-SPM solar radiation meter and Testo-425 Hot Wire Thermo-Anemometer. Table 1 gives the precision of the measuring devices used in this study.
Air flows in the collectors were controlled by extract fans which were attached to the outlet duct. Experiments were conducted daily from 7:00 am before sunrise to 6:00 pm after sunset. Data were filtered by removing the data with some interruptions such as rainy days and power cuts.
Collector models were integrated with 2, 3, 4, 8 baffles respectively, their efficiencies were measured and compared with the collector with no baffles (conventional collectors). Baffles were equally spaced over the collector geometry as shown in Figure 4 and Figure 5 . Figure 6 is the representation of temperature and solar intensity comparisons The rate of change in temperature at the interval of 10 minutes is shown in Figure 8 . There was a high-temperature change from morning to noon, which was caused by instability of solar intensity and low angle (0˚ -60˚) of insolation to the collector surface. Also, during this time most of the energies absorbed by the collector were used in pre-heating the collector parts. Fluctuation of temperature was then reduced from noon due to good insolation angle to the collector surface (greater than 60˚), system equilibrium and less effect of fluctuation 
Results and Discussion

Temperature Profiles
Energy Profiles for Collector with Different Number of Baffles
Generally, collected energy varies with the fluctuation of solar intensity and when solar intensity increases, the collector's energy also increased. Low energy during the morning and sunset were caused by the low solar incidence angle to the collector surface and the fact that during the morning most of the collected heat was used in preheating the system. In addition, fluctuations of energy during the afternoon were due to poor thermal heat storage behaviour of the absorbing material.
Analysis of Efficiency of Collector with Different Number of Baffles
The results of the statistical analysis of variance (ANOVA) for the collector with a different number of baffles (different ratio of baffle space to collector length) which was carried out to study the significance differences between their individual means are reported in Table 2 
Mean Efficiency Comparisons for Collector with Different Number of Baffles
A one-way between subject ANOVA was used to compare the effect of varying R. Bakari Journal of Power and Energy Engineering baffles number on the efficiency of the collector. The comparisons were done to ascertain if there is a significant difference between collector's efficiencies.
From Table 3 , significance value P < 0.05, thus it can statistically be concluded that there was a significant difference between the means of collector efficiency with and without baffles. However, in order to identify which baffle number gave significant difference, a post-hoc test for multiple comparisons was conducted. Table 4 shows the results of Levene's Test for Equality of Variances (LTEV) which was used to ascertain the method to use in multiple comparison tests.
Since the significance value for Levene test for equity of variance is 0.729 which means (P > 0.5), therefore, equal variance assumed (Tukey HSD) were used for multiple comparisons of means of collector efficiency. Table 5 shows significant different when comparing collector with 4 and 8 baffles to the collector without baffles, p = 0.003 and p = 0.031 respectively.
Likewise, there was a significant difference when comparing collector with 4 and 2 baffles (p = 0.016).
The purpose of introducing baffles in the collector duct was to create turbulence so as to increase heat transfer coefficient and hence the collector's efficiency. In this study, baffles played a big role in collector heat transfer rate by forcing air to take longer meandering trajectory than the normal length of collector and forcing air to circulate through space left between baffles. On the other hand, the presence of baffles caused the flow to separate, re-attach and create a reverse flow which was increasing the heat transfer action from the absorber to air as. The flowing air was also forced by baffles to pass onto the warm wall of the absorber surface which resulted in good heat transfer and a considerable increase in output temperature. It was further observed that reducing the baffles spacing by increasing the number of baffles considerably increases R. Bakari Journal of Power and Energy Engineering the efficiency of the solar collector. It is clear that as the ratios of baffle spacing to collector length was reduced the efficiency of collector were greatly increased, however, when the ratios become small (many baffles), the efficiency was reduced. This is due to the fact that, in collector without baffles (ratio of 1), there was the direct passage of air in the medium of the collector from the inlet toward outlet which was associated with many dead zones and therefore reducing the effectiveness of the collector. On the other hand, when there is less number of baffles in the collector, in this case, less than 4, there was a high influence in heat transfer while pressure drop was insignificant. However, when baffles exceed this number, the associated increase in pressure drop was becoming higher than the heat transfer coefficient which results into insignificant increase in efficiency.
For the best performance, a number of baffles should be optimized to ensure the increase in collector efficiency is economical in order to avoid a high increase in air pumping power.
The study conducted [24] recommended the number of baffles ranging from 6 -12 for the collector with dimensions 2 m × 1 m and which occupies 60% -80% of the collector width. Therefore, according to the reported studies and the results obtained, the number of baffles in the model 1.2 m × 0.6 m should range from 2 -4 baffles. However, performance increment of 4.3% obtained in 4 baf-Journal of Power and Energy Engineering fles collector was out of range of 7% -12% [25] . This was due to the fact that, in the collector used by the author in his study, the air was passing inside the tubes which were a good conductor of heat while the models reported in this study air was passing through the collector duct. It was also reported that increase of pressure load because of the close spacing of baffles is not a problem for low airflow rates and recommended that, the increase in pumping power should not exceed one-tenth of the useful power of the collector.
Conclusions
• Thermal efficiency of air flat plate solar collector with different numbers of buffles has been successfully studied and compared to conventional collectors.
• Installation of buffles in the air passage gives a promising aproach in tackling the effect of dead zones in the collector and hence improves the overall efficiency of the system.
• The optimum number of baffles has to be considered during design to avoid excessive effect in pressure drop which will increase the operation cost.
